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Previous research has clearly documented that risky decision making is different in young and older adults. Yet, there has been a
relative dearth of research that seeks to understand such age-related changes in the neural activities associated with risk taking.
To address this research issue, 21 men (12 young men, mean age 29.96.2 years and 9 older men, mean age 65.24.2 years)
performed a risky-gains task while their brain activities were monitored by an fMRI scanner. The older adults, relative to their
younger peers, presented with contralateral prefrontal activity, particularly at the orbitofrontal cortex. Furthermore, stronger
activation of the right insula was observed for the older-aged participants compared to the younger-aged adults. The findings of
this study are consistent with the a priori speculations established in accordance with the HAROLD model as well as previous
findings. Findings of this study suggest that when making risky decisions, there may be possible neuropsychological mechanisms
underlying the change in impulsive and risk-taking behaviors during the course of natural ageing.
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INTRODUCTION
Seniors in our society are faced with many pragmatic
predicaments in their everyday lives, including important
issues related to healthcare and financial investments.
Very often, they are required to make and act on risky
decisions regarding these issues and the decisions have to be
made on relatively little knowledge (Chou et al., in press).
With increasing age, people seem to need more time
for decision making; furthermore, their choices tend to be
more conservative (Deakin et al., 2004; Leland and Paulus,
2005). This age-related change in the behavioral patterns
of risk-taking suggests a possible age-associated difference
in the neural activities that occur during risk taking.
However, there has been a relative dearth of research seeking
to understand the age-related changes in neural activities
associated with risk taking.
The age-related structural changes in various brain areas
(e.g. DeCarli et al., 1995; Murphy et al., 1996; Raz et al.,
1997; Jack et al., 1998) can result in the alteration of neural
activity during cognitive task performance, including
making risky decision, in old age (see review by Grady,
2000). The alteration in neural activation is thought to
relate to a change in cognitive strategies, which could be
in the form of changing cognitive structures and cognitive
processes (Cabeza, 2002). Previous neuroimaging studies
have found that older adults, relative to their younger
counterparts, generally show a bilateral pattern of prefrontal
activity compared to younger adults during cognitive tasks
such as verbal recall (Cabeza et al., 1997), cued recall
(Backman et al., 1997), word and face recognition (Madden
et al., 1999; Grady et al., 2002), episodic encoding and
semantic retrieval (Stebbins et al., 2002; Logan et al., 2002),
working memory (Reuter-Lorenz et al., 2000), perception
(Grady et al., 2000) and inhibitory control (Nielson et al.,
2002). Neural activations observed in the aforementioned
studies followed a consistent pattern, as described in the
model of hemispheric asymmetry reduction in older adults
(HAROLD model), which indicates that prefrontal activity
during cognitive performance tends to be less lateralized
in older adults than it is in younger adults (Cabeza, 2002).
The compensation view has been found to be the most
convincing account of this age-related reduction (Daselaar
and Cabeza, 2005). The basic idea is that collaboration
between the two hemispheres is more advantageous than
within-hemisphere processing when task demands are high
(e.g. Banich and Belger, 1990; Brown and Jeeves, 1993;
Weissman and Banich, 2000). Additionally, some studies
have found an age-related contralateral prefrontal recruit-
ment (see Cabeza, 2002 for a review). In other words,
an increase in the recruitment of other brain regions appears
to be a general response to the conditions of neural
compromise or strain in older adults (Cabeza et al., 1997;
Reuter-Lorenz et al., 2000; Logan et al., 2002).
Decision making in situations that involve risk taking
depends on a series of cognitive and affective processes that
aim to balance the potential losses and benefits of an action
(Arce et al., 2006). Studies on the risk-taking behavior
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of healthy adults have reported activation of the orbito-
frontal cortex (Krain et al., 2006), the inferior prefrontal
cortex (Paulus et al., 2001), the ventrolateral and ventrome-
dial frontal cortices (Elliott et al., 1999; Rogers et al., 1999;
Elliott et al., 2000), the insula (Critchley et al., 2001), the
anterior cingulate cortex (Elliott et al., 2000) and the parietal
cortex (Paulus et al., 2001). Paulus et al. (2003) observed that
right insula activation was significantly stronger when their
subjects selected a risky response vs a safe response on the
risky-gains task. They also reported that the degree of insula
activation was related to the probability of selecting a safe
response following a punished response, i.e. a response
that would cause the participant to lose points, and to their
subjects’ degree of harm avoidance and neuroticism.
Their results seem to suggest that insula activation is task
specific as a result of their subjects’ performance on the
risky-gains task.
We employed the risky-gains task (Paulus et al., 2003)
to examine the ageing effect on neural activity that is
associated with risk-taking behaviors. In accordance with the
HAROLD model, we speculated that, relative to their
younger counterparts, older adults would show a bilateral
pattern of activation or contralateral neural activity,
particularly in the prefrontal regions. Also, based on the
literature regarding the involvement of the orbitofrontal
region in risky decision making (Krain et al., 2006), this
study aimed to analyze the activity of the orbitofrontal
region for hemispheric laterality. Furthermore, Paulus et al.
(2003) reported a significantly stronger activation of the
right insula when their subjects selected a risky response,
relative to selecting a safe response. When compared to their
younger peers, older adults are supposed to prefer to make
safe as opposed to risky responses. Therefore, their selection
of risky choices on the risky-gains task might activate
stronger insula activity than it would in younger adults.
Hence, we hypothesized that older adults, in comparison to
younger adults, would activate the right insula and other
brain regions that account for decision making and
attentional control.
METHODS
Participants
Ethics approval was obtained from the institutional
review board of the University of Texas. A total of 21
healthy male volunteers participated in this study.
One group consisted of 12 young participants (mean
age¼ 29.9 6.2 years, mean education¼ 17.2 1.8 years),
and the other group consisted of 9 older participants (mean
age¼ 65.2 4.2 years, mean education¼ 16.2 1.2 years).
They were all strongly right handed (Snyder and
Harris, 1993). None of the participants had a history of
neurological or psychiatric illness. The study was explained
to the participants prior to their informed consent being
obtained.
Experimental task
Paulus et al. (2003) make reference to a risk-taking task,
the risky-gains task. In each trial of the task, the participants
are presented with the numbers 20, 40 and 80 in a fixed
order. Each number appears on a screen for 1 s. If the
participant presses a button when the number is on the
screen, then s/he receives the number of points shown on
the screen. Before the experiment, the participants are
informed that for both 40 and 80 points, there is a possibility
that the points are 40 and 80 instead of þ40 and þ80.
The 40 and 80 appear in red and indicate that the
participant loses 40 and 80 points, respectively. When 20
points appear on the screen, only a score of þ20 can be
obtained; there is no score of 20. Therefore, the
participants have to take the risk of whether to wait for
þ40 after gaining 20 points or þ80 after gaining 40 points,
with a possibility of losing points, or they could simply take
the þ20 points. Details of the trial type are shown in
Figure 1. The points accumulate from trial to trial.
The participants received feedback immediately after
making a response. The participants were given a final
score after the last trial of the experiment was completed.
The trial type is designed in such a way that the probability
of the appearance of negative 40 or 80 trials would make a
participant’s final score identical were s/he select 20, 40 or 80
consistently (Paulus et al., 2003). Hence, there is no
advantage for participants to only select the risky response
(40 or 80) over the safe response (20). Altogether, there were
96 trials; each trial lasted for 4 s irrespective of the
participant’s choice. The 96 trials consisted of 54 trials of
the non-punished trial type (i.e. þ20, þ40 and þ80),
24 trials of the 40 punished trial type (i.e. 40) and 18
trials of the 80 punished trial type (i.e. 80); the trial types
were presented in a random sequence. Before the experi-
ment, the participants were given a set of practice trials so
they could familiarize themselves with the task.
Behavioral measures
The participant’s performance on the risk-taking task is
presented as a mean and s.d. for the selected options.
The rate of selecting þ20, þ40 and þ80 points was
calculated for both the young and older participants. Given
that only the selection of the þ40 and the þ80 points
involves a risk-taking behavior, the selection of these two
points are grouped together as a risky response in the
analysis while the selection of þ20 points represents a safe
response. The analysis of the distribution of the participant’s
responses and reaction times across conditions and between
the two age groups was performed using a repeated measures
ANOVA.
Data acquisition
Event-related functional Magnetic Resonance Imaging
(fMRI) was used in this study. The experimental paradigm
consisted of four 24-trial blocks, each separated by 12 s
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of fixation, as shown in Figure 1. During the risk-taking task,
the stimuli were shown through a back-projection display
and the participants were required to make a response in
each trial. The imaging was conducted on a 3 T Siemens MRI
scanner (Siemens, Erlangen, Germany) at the Research
Imaging Centre, University of Texas Health Science Center,
San Antonio, Texas. The participants lay supine on the
scanning table and were fitted with plastic ear-canal molds.
Twenty-four contiguous gradient-echo planar images (EPIs),
sensitive to blood oxygen level dependent (BOLD) contrast,
were interleaved and acquired paralleled to the Ac–PC plane.
The EPIs were acquired with TR¼ 2 s, TE¼ 30ms,
FOV¼ 256 mm 256mm, matrix size¼ 128 128, flip
angle¼ 908 and slice thickness¼ 6mm. For each slice, 222
images were acquired, with a total scan time of 7min 24 s.
The anatomical MRI was acquired using a T1-weighted,
three-dimensional gradient-echo pulse sequence
(TR¼ 20ms, TE¼ 5.15ms, FOV¼ 256 mm 256mm,
slice thickness¼ 6mm).
Imaging data processing and analysis
The functional images were analyzed using the Statistical
Parametric Map (SPM2) software package (Wellcome
Department of Cognitive Neurology, Institute of
Neurology, Queen Square, London, UK), running under
Matlab 6.5 (MathWorks, Natick, MA, USA). During the
normalization process, the individual data were resliced into
4mm isotopic voxels. The resulting images were then
spatially smoothed by convolution with a three-dimensional
Gaussian kernel (FWHM¼ 8mm). These two regressors
are referred to as: (i) making a safe response (i.e. þ20
point trials) and (ii) making a risky response (i.e. þ40 and
þ80 point trials). The response regressors are identified
from the beginning of the trial to the time when the
participant is making a response. The resulting time series
data were high-pass filtered with the default threshold
of 128 s to remove low frequency drift.
Subject-level statistical analyses were performed by setting
up contrasts between the safe and risky responses at a
threshold of P< 0.001 (uncorrected P-level). The safe
response refers to selecting 20 points and the risky response
refers to selecting both þ40 and þ80 points. Therefore, to
determine the areas that are significantly activated with a
risky vs a safe response, a contrast of a risky response minus
a safe response was set up. A one-sample t-test was
conducted to examine the neural activations of the young
and older participants on the ‘risky vs safe’ contrast.
A comparison of the activation between the young and
older participants on these two contrasts was conducted
using a two-sample t-test with a voxel-wise intensity
threshold of P< 0.001 (uncorrected) and a spatial extent
threshold (cluster size greater than 12 voxels) to control for
multiple comparisons (Lee et al., 2006) in the generation of
the t-maps. The activation maps were displayed using
the MRIcro program (http://www.sph.sc.edu/comd/rorden/
mricro.html) and the activation sites were labelled using
the Automated Anatomical Labeling (AAL) software
(Tzourio-Mazoyer et al., 2002), which were implemented
into the toolbox available for SPM2. All these programs
applied the standard MNI templates.
To verify if there were age-related differences in cerebral
vasculature, which would affect the interpretations of
Fig. 1 Schematic diagram of the risky-gains task.
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the findings, a region of interest (ROI) analysis looking at
the percentage signal changes in the primary motor cortex
was performed. The primary motor cortex equivalent to
Brodmann’s area 4 defined by the AAL was selected.
The ROI analysis was performed using the WFU PickAtlas
(Maldjian et al., in press), a region of interest toolbox for
SPM (www.rad.wfubmc.edu/fmri). The percentage signal
change was calculated using MarsBar, a toolbox for SPM
(http://marsbar.sourceforge.net) (Brett et al., 2002). The
percentage signal change between the young and older adults
in both the left and right primary motor cortex was
compared using independent t-tests.
With regard to the prediction stipulated by the HAROLD
model, we performed a ROI analysis to look at the
percentage signal change in the prefrontal region.
Specifically, we looked at the neural activities in both
orbitofrontal cortices (OFC) because the OFC has been
shown to be associated with risk-taking behavior (Paulus
et al., 2001; Krain et al., 2006). For each subject, we selected
the OFC based on the anatomical definition using the AAL,
which was equivalent to Brodmann’s areas 10, 11 and 47.
The ROI analysis was performed using the WFU PickAltas
(Maldjian et al., in press) and the percentage signal change
was calculated using Marsbar (Brett et al., 2002). The
percentage signal change was calculated for each of the left
and right OFCs. The differences in the percentage
signal change between the young and older adults in each
of the left and right OFCs were compared using independent
t-tests. The analysis of the neural activation of the OFC
began with the ROI analysis. Whole brain analysis was
performed subsequently in order to explore the activation
patterns of the two age groups.
In addition to the OFC, we also examined percentage
signal change at the right insula, which has been shown to
be activated during the performance of the risky-gains
task in a previous study conducted by Paulus et al. (2003).
For each individual participant, a peak activating voxel of
the right insula, identified in the old vs young contrast,
was used as the ROI. The comparison between the young
and older participant groups was carried out using an
independent t-test.
RESULTS
Behavioral data
Table 1 shows the rates and response times of making a safe
or risky response in the young and older adults. For the rate
of response selection, a repeated measures ANOVA showed a
significant interaction effect between age group and response
selection [F(1,19)¼ 4.502, P¼ 0.047]. A post hoc analysis
indicates that the older adults displayed a significantly higher
rate of selecting a safe response compared to the young
group (t19¼ 2.096, P¼ 0.050), while the young group
showed a significantly higher rate of selecting a risky
response than the older adults (t19¼ 2.138, P¼ 0.046).
Additionally, the young adults made significantly more
risky responses than safe responses (t11¼ 2.817, P¼ 0.017).
For the response time, a repeated measures ANOVA
showed a significant main effect on response selection
[F(1,19)¼ 21.629, P< 0.001]. A post hoc analysis showed
that both the young and older adults responded faster
when making a risky response compared to making a safe
response (t11¼ 5.916, P< 0.001 and t11¼ 2.355, P¼ 0.046,
respectively).
Imaging data
One male from the old group was excluded from the
analysis of the neural activity, because he selected all þ20
points (i.e. the safe response), with the exception of one þ40
points (risky response) and one 40 points (punished trial),
making the contrast invalid for interpretation. As the result,
12 young adults and 8 older adults were used in the analysis
of the neural activity in this study.
Differences in primary motor activity. The ROI
analysis in the primary motor cortex did not reveal any
significant differences in percentage signal change in both
primary motor cortices between the young and older adults
(t18¼ 0.776, P¼ 0.448 and t18¼0.319, P¼ 0.754, respec-
tively). This result suggests that the age-related differences
in the cerebral vasculature were not significant and that
comparison in neural activities between the two age groups
could be reasonably interpreted in this study.
Activation of orbitofrontal cortex. Figure 2 displays a
plot of percentage signal change at the bilateral OFC. In both
the left and right OFC, the older adults showed a positive
percentage signal change while the young adults showed
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Fig. 2 Percent signal change (risky relative to safe response) to younger and older
males in the OFC during the old > young contrast. Bars show standard errors.
Table 1 Mean (SD) Rate (%) and reaction time (ms) of selecting safe and
risky responses by the younger and older men
Rate (%) Reaction time (ms)
Safeþ 20 Riskyþ 40 and
þ 80
Safeþ 20 Riskyþ 40 and
þ 80
Younger men 29.60 (11.28) 46.53 (9.67) 474.85 (62.62) 386.18 (40.92)
Older men 50.81 (32.81) 31.94 (20.96) 522.49 (132.90) 421.05 (104.59)
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a negative percentage signal change. There were significant
differences between the young and older adults in the right
OFC (t18¼ 2.246, P¼ 0.038).
Regions of activation. When comparing the risky vs
safe response, the young and older males exhibited
different patterns of brain activation. In the young male
group, the left superior temporal gyrus (BA 38), the left
parahippocmpal gyrus (BA 36) and the right cerebellum
were significantly activated when making a risky response
compared to when making a safe response. In the older
male group, the brain activation was concentrated in the
right hemisphere, including the right insula (BA 13),
the right superior temporal gyrus (BA 38), the right calcarine
(BA 18/31), the right precuneus (BA 7), the right thalamus
and the left posterior cingulate gyrus (BA 30). Comparisons
between the older and young males found that the older
males showed significant activations of the right insula
(BA 13), the right calcarine (BA 18), the left middle frontal
gyrus (BA 10) and the left thalamus. The results are shown
in Table 2 and Figure 3.
Figure 4 displays a plot of percentage signal change at
the peak activating voxel of the right insula (BA 13).
The difference between the young and older adults was
marginally significant (P¼ 0.087). Further analysis revealed
that the young adults showed a significant activation of the
right insula at a threshold of P< 0.005 (uncorrected),
which was consistent with the findings of Paulus et al.
(2003) who showed that right insula (BA 13) activity was
stronger when subjects selected a risky response vs a safe
response.
DISCUSSION
Age-related change in neural activities that is associated
with risk taking was examined by using the risky-gains task
(Paulus et al., 2003). Consistent with the findings of
Paulus et al. (2003), the younger participants in this study
showed activation of the right insula (BA 13), confirming
the validity of the paradigm employed in this study. The
ageing effect on the neural activities while performing
the task was examined. The findings indicate that the
older adults, relative to their younger peers, presented
with contralateral prefrontal activity, particularly at the
orbitofrontal cortex. Furthermore, the present findings
revealed that the older adults showed stronger activation
of the right insula compared to the younger adults.
These observations are consistent with our a priori specula-
tions established in accordance with the HAROLD model
as well as the previous findings of Paulus et al. (2003).
The involvement of the orbitofrontal cortex in risky
decision making has been widely documented (Critchley
et al., 2001; Ernest et al., 2002; O’Doherty et al., 2003;
Cohen et al., 2005; Paulus et al., 2005; Eshel et al., 2007). The
findings of this study indicate activity in the orbitofrontal
region of both the younger and older participants,
but percent signal change was positive for the older adults
while negative for the young adults. Importantly, the older
adults showed significantly more percent signal change
than the young adults in the right OFC. It is therefore
likely that the older adults, as compare to the younger
adults, activated strongly in the right prefrontal area,
in particular the OFC which is shown to be highly involved
in risk taking (Krain et al., 2006). This pattern of activation
is consistent with the predication set forth by the HAROLD
model that ageing is associated with the recruitment of
additional neural activities in regions contralateral to those
seen in people of a relatively younger age (Cabeza, 2002).
However, a bilateral pattern of prefrontal activation for
the older participants was not observed in this study.
Indeed, some studies have reported that older adults
showed weaker prefrontal cortex activity in one hemisphere
but stronger prefrontal activity in the contralateral hemi-
sphere (Nagahama et al., 1997; Anderson et al., 2000;
Rypma et al., 2001). This observation could also be related
to the task-specific ageing effect in the prefrontal cortex
(Cabeza, 2002). Backman et al. (1997), Grady et al. (2002)
and Madden et al. (1999) also report contralateral
activation patterns for older adults, relative to their younger
age peers, when performing on the implicit and explicit
retrieval tasks, face memory tasks or verbal recognition
memory tasks.
Behaviorally, the older adult participants were less likely
to take risks as reflected by their tendency to select the safe
choices. When the neural activities during risk taking
were examined, the older participants presented with
stronger neural activities compared to the younger adults
during risky decision making. Specifically, the right insula,
Table 2 Results of the risk vs safe contrasts for the younger older, and older
vs younger men
Coordinate
BA Side x y z Volume
(mm3)
T
Younger men
Superior temporal gyrus 38 L 40 6 14 104 5.73
Parahippocampal gyrus 36 L 26 28 20 552 5.68
36 L 28 44 8 744 5.71
Cerebellum R 16 26 24 320 5.68
Older men
Insula 13 R 42 0 12 216 5.52
Superior temporal gyrus 38 R 52 4 14 216 7.56
Calcarine 18/31 R 12 62 10 208 6.14
Precuneus 7 R 4 48 50 128 5.69
Posterior cingulate gyrus 30 L 8 40 18 104 6.65
Thalamus R 14 10 16 168 9.62
Older vs younger men
Middle frontal gyrus 10 L 30 50 20 104 4.10
Insula 13 R 38 12 12 800 4.61
Calcarine 17/18 R 20 76 6 192 4.19
Thalamus L 16 24 20 712 4.95
BA, Brodmann’s Area; L, left hemisphere; R, right hemisphere; x, y, z in MNI
coordinates.
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whose activity is related to the degree of harm avoidance
and neuroticism (Paulus et al., 2003), was strongly activated
during the selection of risky over safe responses among
the older adults. Therefore, the strong insula activity among
the older adults, relative to the younger adults, may reflect
an age-related trend of increased avoidance of risky
situations and the anticipation of a greater negative impact
in selecting the risky choices. The strong right insula activity
found among the older adults may be related to their
emotion processing in relation to the risky situation.
Hastie and Dawes (2001) have shown that a high level of
risk and uncertainty involves biases and emotions that act at
an implicit level. Alternatively, the life experiences that
are accumulated with age could contribute to the plastic
change of the response system (Lee et al., 2007), allowing
a greater selective control during decision making
(Williams et al., 2006). In these circumstances, the increased
insula activation among the older adults may signal a
greater attempt to counteract the potentially aversive out-
come when participating in the risk-taking task.
The findings suggest age-related differences in the pattern
of neural activities that occurs during the performance on
the experimental task. The young adults showed activations
of the left parahippocampal gyrus, the left superior temporal
gyrus and the cerebellum. The parahippocampal gyrus
has been found to be activated by tasks that involve
working memory and episodic retrieval (Wagner et al.,
1998; Epstein et al., 1999). The cerebellum has been found
to be activated in order to enhance performance on
tasks that demand one’s access to semantic and episodic
Younger men 
Older men 
Older versus younger men 
Z = −12 mm 6 mm 18 mm 48 mm
9 
3 
L R 
t - value 
Fig. 3 Axial t-maps of brain activation in the risky vs safe contrast (P< 0.001, minimum 12 clustering voxels). The images were superimposed on a standard SPM anatomical
template with the z-coordinate for each slice shown in MNI space.
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knowledge, and in order to respond to a rapid and timed
stimulus (Andreasen et al., 1999; Seidler et al., 2002). In line
with these findings, activation of the parahippocampal
and cerebellum was observed and may suggest that the
young adults were mentally calculating the gains and losses
of points during their selection of risky choices in order to
try to maximize their net gain of points throughout
the experiment. The activation of the superior temporal
gyrus has been reported in many previous studies
involving decision making. For example, Jung-Beeman
et al. (2004) found that the anterior superior temporal
gyrus was activated during problem solving. Paulus et al.
(2001) reported that the superior temporal gyrus was
associated with contingency-based decision making in
the presence of random reinforcement. Furthermore,
Paulus et al. (2005) observed a greater activation of the
right insula and superior temporal gyrus when their
subjects switched responses rather than staying with the
same choice made on the previous trial. The older adults,
on the other hand, showed activation of the right calcarine,
the right precuneus, the thalamus and the left posterior
cingulate gyrus, in addition to the activity in the right insula
and the superior temporal gyrus, during the selection
of risky choices over safe choices. These regions of activation
have been reported during decision making (Ernst et al.,
2002) and in tasks that demand visual perception and visual
attention (Gains et al., 2004). Madden et al. (2004) also
found that visual target detection activated occipital regions.
The thalamus appears to play a further role in impulse
regulation, as demonstrated in a study that examined
gambling (Potenza et al., 2003). Moreover, the contrast
between the younger and older adults reveals that the older
adults appeared to have recruited the left middle frontal
region during task performance. Activation of the middle
frontal gyrus is associated with visual target detection and
risky decision making (Madden et al., 2004; Krain et al.,
2006). It is therefore likely that, compared to younger adults,
older adults recruit more brain regions to modulate visual
attention and facilitate visual target detection. Overall,
the age-related difference in the pattern of neural activities
during risk taking may be explained by the changes
in strategy deployment during ageing. Consistent with
our hypotheses, it appears that older adults utilize extra
brain regions in an attempt to regulate their responses to
non-aversive outcomes in risky situations and to counteract
age-related neurocognitive decline.
Limitations
We fully acknowledge that the level of risk experienced
by the individual might be lower during the selection of
the 40 point than 80 point trials, hence the neural
activity associated with these two risky choices may be
different. However, in the analysis of the neural correlates
of the risk-taking behavior, we had to group the 40 and
80 point trials together to represent the risky condition
because the older adults were less likely to make risky
responses, rendering insufficient trials for conducting
separate analyses of the neural activities associated with
two risky responses. In addition, the study found that
the young adults selected more risky than safe choices.
On the other hand, the older adults selected higher number
of safe than risky choices. This behavioral pattern implies
that the observed neural activities associated with risk
taking by our subjects were derived from unevenly
distributed risky and safe choices across the young and
older adult groups. Although the different behavioral
performance between the young and older adults could
reflect genuine psychological differences between people in
these two age groups, it might also cause differences in
estimating reliability across the risk and safe conditions
across the two groups. Furthermore, the specific risk-taking
preference shown by our young (risk-seeking) and older
(risk-aversion) participants suggest that the observed
differences in the neural activities between people in these
two age groups may also be related to possible differences
in task strategies employed. To verify this speculation,
we had planned for a subgroup analysis of neural activities
for the young and older participants matched for behavioral
performance. However, the sample sizes of the matched
subgroups were too small for any meaningful analyses
to be performed.
Because of the fewer attempts made to take risks by
the older adults, the analysis of the punished vs risky
contrast, as performed by Paulus et al. (2003), was
technically not feasible in this study. In fact, significant
prefrontal activation was observed in many other risk-taking
studies (e.g. Ernst et al., 2002; Paulus et al., 2003; Krain et al.,
2006; Van Leijenhorst et al., 2006). Furthermore, it is not
possible to examine the linearity of the age-related changes
observed with just two age groups.
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Fig. 4 Percent signal change (risky relative to safe response) to younger and
older males in individual-subject functional regions defined by the peak activating
voxel during the old > young contrast. Bars show standard errors.
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The young and older participants of this study
might perhaps differ not only in their ages but also on
their socio-cultural backgrounds. These factors could
influence their risk taking behavior and the associated
neural activities. Future studies should consider including
cohorts of different socio-cultural backgrounds for a better
delineation of the relationship between ageing and the
changes in neural activities that are associated with risk
taking.
CONCLUSION
The present study expands on the previous research
into risk-taking behaviors and examines the ageing effects
on the neural activities that are associated with risky
decision-making. The findings reveal that younger and
older adults relied on different brain mechanisms in
performing the risk-taking task; this may relate to the
behavioral change of selecting fewer risky choices as a
person ages. Our results suggest that possible neuropsycho-
logical reasons and mechanisms underlie the change in
impulsive and risky behaviors during the course of natural
ageing.
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